We present a flexible ultrawideband (UWB) planar monopole antenna with dual-notched band characteristic printed on a polyimide substrate. The antenna is fed by a step coplanar waveguide (CPW) that provides smooth transitional impedance for improved matching. It operates from 2.76 to 10.6 GHz with return loss greater than 10 dB except for the notch band to reduce the interference with existing 3.5 GHz WiMAX band and 5.5 GHz WLAN band. With a combination of rectangular and circle patches in which the U-shaped slot is carved, the overall size of antenna is 30 mm × 20 mm. Moreover, a pair of arc-shaped stubs located at both sides of the feed line is utilized to create the notch band for WiMAX band. The results also show that the antenna has omnidirectional radiation pattern and smooth gain over the entire operational band.
Introduction
With the rapid advance in wireless communication techniques, UWB system has become one of the most fascinating technologies for indoor communications. For its merits of high speed transmission rate, low power consumption, and simple hardware configuration, UWB system can be used in various applications and devices such as a wireless USB dongle or small terminal for UWB system. Recently, many laboratories and firms have developed UWB antennas [1] [2] [3] , but most antennas are solid planer types and they cannot be mounted on a small terminal. So, the flexible UWB antennas applicable to the various kinds of the small devices are needed.
Yoon et al. presented a flexible UWB antenna which is fabricated on PET film and analyzed the characteristics of the flexible antenna when it is mounted on various kinds of conformal materials with the various dielectric constants [4] . It used a rectangle as a radiation patch to reduce the deterioration of the bow because the current will not be changed largely in bending. And then, Khaleel et al. presented a compact UWB antenna printed on a polyimide substrate [5] . The proposed design is tuned to cover the 2.2-14.3 GHz frequency and CPW feeding with tapering structure is the key to impedance matching. Although flexible and UWB characteristic has been achieved, proposed antennas cannot carry a notched band performance except by using a filter [6] . A compact filter-combined UWB antenna has been carried in [6] . With a rectangular filter and an UWB antenna, the overall size of the proposed structure has reached 49 × 30 mm which will limit its application. What is more, the flexible substrate will influence the filter. Peter and Nilavalan proposed an UWB antenna has a notched band feature and make a study on the performance deterioration of flexible UWB antennas in [7] . It used a pair of slots that are placed symmetrically on both sides of the patch to create the band notch characteristic that covers 4 GHz to 5.5 GHz. By the measured result we can see the proposed antenna does not have a good performance on high-frequency part. Bae et al. improve their design in [8] . An antenna with notch-band characteristic of 5 GHz WLAN band is presented. From the -parameter, the proposed antenna shows good result on return loss, but the antenna does not avoid the 3.5 GHz WiMax band.
In this work, we present a flexible UWB antenna with dual-notched band 3.5 GHz WiMax and 5.5 GHz WLAN. The paper is organized as follows. In Section 2, an antenna element is studied first, and parameters of the antenna element are discussed; in Section 3, simulated and measured results are presented; furthermore, a comparison between stepped ground and rectangular ground structure is also given in this section. Figure 1 shows the layout of the proposed UWB planar monopole antenna. It consists of four parts: a radiating patch, a rectangular microstrip feeding line, two small rectangular ground planes with step-shaped structure, andarc-shaped stubs located at both sides of the transition. The geometric design of the radiating patch consists of a circle, a rectangle, and a rectangular transition. To make the antenna have a flexible characteristic, polyimide is selected as a substrate for its soft and easy bending. The overall size of the proposed antenna is 30 mm × 20 mm, and it is designed on a polyimide with a thickness of ℎ = 0.2 mm ( Figure 2) ; the relative dielectric constant of the substrate is 3.5 with a loss tangent of 0.003.
Antenna Element Design
The width of the feeding line ( ) is decided by the formula [9] : 0 = 120 √ eff { /ℎ + 1.393 + 0.677 × ln ( /ℎ + 1.444)} ,
When the = 3.5, ℎ = 0.2 mm, and 0 = 50ohm, is about 3.16 mm. Considering the influence of the SMA connector in practical, we set = 3.2 mm. Arc-shaped stubs which produce the 3.5 GHz notched band work in 0.25 ( = √ eff ) mode, and the length is defined by
By calculating the in free space and on the substrate, respectively, we can know 0.25 < < 0.25 . is optimized by CST Microwave Studio, which we can see from changed. What is more, the second notched band is almost not affected by the length of which reveals these two notched bands have good isolation. The same method is also used to define the length of the slot. The U-shaped slot structure located in the radiation patch produces a notched band for 5.5 GHz WLAN band, and the resonant frequency is defined by the length of the slot.
Result and Discussion
The return loss of the proposed antenna can be seen in Figure 4 . As shown, the proposed antenna operates from 2.76 to 10.6 GHz with return loss >10 dB except for the 3.5 GHz WiMax and 5.5 GHz WLAN bands. Compared to the simulated result, the measured one has a frequency deviation for the proposed antenna has a little deformation when welding the SMA connector. Despite the deviation, the measured curve is close to the simulated one and it can operate from 3.1 GHz to 10.6 GHz. Function of stepped slots on the ground near the feeding line will be discussed in this part. Stepped impedance resonator (SIR) is usually designed to control the higher harmonics [10] . And in the proposed antenna, SIR is also used to form a stop-band at 10.6 GHz. As we can see from Figure 5 , without the SIR structure, the S11 curve is about −10 dB at 10.6 GHz while the one with the SIR is about only −3 dB. The SIR structure pulls the higher harmonics of 3.5 GHz notched band closer to 10.6 GHz which form a stop-band to isolate other signals. Figure 6 shows the far-field radiation patterns of the proposed antenna at the frequency of 2.76, 5.5, and 10.6 GHz in the principal planes and the maximum direction at each frequency is 1.92, 3.55, and 5.43. As can be seen, the antenna exhibits an omnidirectional radiation in the -plane. Theplane radiation patterns of antennas are similar to those of a dipole at the same electric lengths.
Conclusion
In this paper, a flexible monopole antenna with dual-notched band function for ultrawideband applications has been proposed and presented. The proposed antenna is fabricated on a polyimide substrate and the flexible character makes the antenna wider application, which serves as the design guidance for other researchers. The effects of the dimensions of the U-shaped stubs on the band-notch characteristics of the proposed antenna are also analyzed by the theory of 0.25 mode. The results on return loss and radiation patterns show that the proposed antenna fully satisfies the bandwidth requirement of UWB applications with omnidirectional radiation patterns and sharp band-notched performance. 
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